Optimizing the osteogenic differentiation of human mesenchymal stromal cells by the synergistic action of growth factors.
A variety of different growth factors, most notably bone morphogenetic proteins (BMPs), have been shown to stimulate the osteogenic differentiation of mesenchymal stromal cells (MSCs) in vitro. Yet, due to the lack of comparative studies it remains unclear which protocol is the most effective in the induction of osteogenesis in MSC cultures. The aim of this study was to compare the most potent growth factors in regard to their osteoinductive potential. Human MSCs were cultured for 10 days in the presence of BMP-2, BMP-6, BMP-9 + IGF-2 and BMP-2, -6, -9 (day 1 + 2: 50 ng/ml; days 3-6: 100 ng/ml; days 7-10: 200 ng/ml). The formation of the osteoblast phenotype was assessed by quantification of osteoblast-related marker genes using reverse transcription polymerase chain reaction (RT-PCR) and alkaline phosphatase (ALP) staining. Matrix mineralization was assessed by alizarin red S and von Kossa staining. Statistical analysis was carried out using the one-way analysis of variance (ANOVA) followed by Scheffe's post hoc procedure. Among the tested growth factors the combination of BMP-2 + BMP-6 + BMP-9 most effectively induced the upregulation of collagen type I, collagen type V, osteocalcin, alkaline phosphatase, RUNX2, BMP-2, osteonectin and DLX5 (p < 0.01) and resulted in a consistent matrix mineralization. The findings suggest the combined addition of BMP-2, BMP-6 and BMP-9 to the osteoinductive culture medium containing dexamethasone, β-glycerophosphate and ascorbate-2-phosphate produces more potent osteoblast differentiation of human MSCs in vitro.